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5XQQLQJ7LWOHA. baumannii FRQMXJDWLYHPXOWLUHVLVWDQFHSODVPLG

.H\ZRUGV $QWLELRWLF UHVLVWDQFH EODFWDPDVH FDEDSHQHPDVH FRQMXJDWLYH WUDQVIHU
Acinetobacter baumannii


&RUUHVSRQGLQJDXWKRU$QGUHDV6FKOWHUDVFKOXHW#FHELWHFXQLELHOHIHOGGH
 
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$EVWUDFW
0XOWLGUXJUHVLVWDQW0'5 Acinetobacter baumanniiVWUDLQVDSSHDUHGDVVHULRXVHPHUJLQJ
QRVRFRPLDO SDWKRJHQV LQ FOLQLFDO HQYLURQPHQWV DQG HVSHFLDOO\ LQ LQWHQVLYH FDUH XQLWV
,&8VA. baumanniiVWUDLQ.UHFRYHUHGIURPDKRVSLWDOL]HGSDWLHQWLQ.XZDLWH[KLELWHG
UHVLVWDQFH WR FDUEDSHQHPV DQG DGGLWLRQDOO\ WR FLSURIOR[DFLQ FKORUDPSKHQLFRO
VXOIRQDPLGHV DPLNDFLQ DQG JHQWDPLFLQ *HQRPH VHTXHQFLQJ UHYHDOHG WKDW WKH VWUDLQ
SRVVHVVHVWZRSODVPLGVS.DNEDQGS.ENEDQGD0EFKURPRVRPH
A. baumannii.H[KLELWVDQ$YHUDJH1XFOHRWLGH,GHQWLW\$1,YDOXHRIWRWKH
SUHYLRXVO\UHSRUWHG,UDTLFOLQLFDOLVRODWH$$HYHQWKRXJKWKDWWKHODWWHUVWUDLQODFNHG
SODVPLG S.D 6WUDLQ. EHORQJV WR WKH 6HTXHQFH 7\SH 67 3DVWHXU VFKHPH DQG
67DFFRUGLQJ WR WKH2[IRUG VFKHPH3ODVPLGS.D LV DPHPEHURI WKH$FL 5*
JURXS RI Acinetobacter SODVPLGV DQG HQFRGHV D FRQMXJDWLYH WUDQVIHU PRGXOH DQG WZR
DQWLELRWLF UHVLVWDQFH JHQH UHJLRQV FRPSULVLQJ WKH WUDQVSRVRQ 7Q2008. 7KH WUDQVSRVRQ
FDUULHV WKH FDUEDSHQHPDVH JHQHbla2;$ DQG D FODVV  LQWHJURQ KDUERULQJ WKH UHVLVWDQFH
JHQHVbla*(6aacA4dfrA7qacE'1DQGsul1FRQIHUULQJUHVLVWDQFHWRDOOȕODFWDPVDQG
UHGXFHG VXVFHSWLELOLW\ WR FDUEDSHQHPV UHVLVWDQFH WR DPLQRJO\FRVLGHV WULPHWKRSULP
TXDWHUQDU\ DPPRQLXP FRPSRXQGV DQG VXOIDPHWKR[D]ROH UHVSHFWLYHO\ 7KH FODVV 
LQWHJURQLVIODQNHGE\0,7(V0LQLDWXUH,QYHUWHGUHSHDW7UDQVSRVDEOH(OHPHQWGHOLPLWLQJ
WKHHOHPHQWDWLWVLQVHUWLRQVLWH
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,QWURGXFWLRQ
,Q UHFHQW \HDUV LQIHFWLRQV FDXVHG E\Acinetobacter baumannii D *UDPQHJDWLYH
QRQIHUPHQWLQJR[LGDVHQHJDWLYHEDFWHULXPLQFUHDVLQJO\RFFXUUHGDQGQRZUHSUHVHQWRQH
RI WKH PRVW IUHTXHQW OLIHWKUHDWHQLQJ QRVRFRPLDO LQIHFWLRQV LQ LPPXQRFRPSURPLVHG
SDWLHQWV   7KH RSSRUWXQLVWLF SDWKRJHQ A. baumannii WROHUDWHV XQIDYRUDEOH
HQYLURQPHQWDO FRQGLWLRQV DQG IHDWXUHV YHU\ OLWWOH VSHFLILF QXWULWLRQDO UHTXLUHPHQWV0DQ\
DFFHVVRU\ PRGXOHV VSHFLI\LQJ DGDSWLYH WUDLWV ZHUH LQFRUSRUDWHG LQWR WKH A. baumannii
EDFWHULDO FKURPRVRPH DV ZHOO DV LQWR SODVPLGV LI SUHVHQW  'XH WR WKLV IOH[LEOH DQG
DGDSWDEOH JHQRPH A. baumannii VWUDLQV DUH SDUWLFXODUO\ SURQH WR DFFXPXODWH DQWLELRWLF
UHVLVWDQFH GHWHUPLQDQWV WKURXJK+RUL]RQWDO*HQH7UDQVIHU +*7PHFKDQLVPV LQYROYLQJ
0RELOH*HQHWLF(OHPHQWV0*(V
&DUEDSHQHP UHVLVWDQFH LQ Acinetobacter VSS LV PRVW IUHTXHQWO\ FDXVHG E\
SURGXFWLRQRI FODVV'ȕODFWDPDVHV IHDWXULQJFDUEDSHQHPDVHDFWLYLW\ 2;$W\SH ,Q WKLV
FRQWH[W WKHPRVW FRPPRQ2;$VXEW\SH LV2;$ &RUUHVSRQGLQJ JHQHV DUH RIWHQ
SODVPLGHQFRGHGDQGFDQEHDVVRFLDWHGWR,6Aba1HOHPHQWV WKDWSOD\DQLPSRUWDQWUROHLQ
GLVVHPLQDWLRQDQGH[SUHVVLRQRIWKRVHJHQHV2FFXUUHQFHRIWKH([WHQGHG6SHFWUXP
EODFWDPDVH (6%/ *(6 ZDV ILUVW UHSRUWHG IRU DQ A. baumannii FOLQLFDO LVRODWH
RULJLQDWLQJIURPDKRVSLWDOLQ1DQF\)UDQFH7KHbla*(6JHQHZDVORFDWHGRQDJHQH
FDVVHWWH HPEHGGHG LQDSODVPLGERUQH FODVV LQWHJURQFRQWDLQLQJ IXUWKHU UHVLVWDQFHJHQH
FDVVHWWHV *(6 PHGLDWHV UHVLVWDQFH WR EODFWDP DQWLELRWLFV LQFOXGLQJ D]WUHRQDP DQG
UHGXFHG VXVFHSWLELOLW\ WR FDUEDSHQHPV  /DWHU RQ *(6SRVLWLYH A. baumannii VWUDLQV
ZHUH LGHQWLILHG LQ%HOJLDQKRVSLWDOV7KHYDULDQWV*(6*(6DQG*(6ZHUH
IRXQG WREH LQWHJURQDVVRFLDWHGDQG LQWURGXFHG LQWR WKHKRVSLWDOE\SDWLHQWV IURP0LGGOH
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(DVWHUQ FRXQWULHV 7KH 0LGGOH (DVW DQG 1RUWKHDVWHUQ $IULFDQ UHJLRQV DSSHDUHG WR EH
UHVHUYRLUVIRUA. baumanniiGHULYDWLYHVSURGXFLQJ*(6DQG*(6HQ]\PHVEHFDXVH
FRUUHVSRQGLQJ LVRODWHVZHUH UHSRUWHG IURP.XZDLW 7XUNH\ 7XQLVLD  DQG
6DXGL $UDELD  ,W ZDV UHFHQWO\ VKRZQ WKDW FORQH 67 67 LQ 3DVWHXU V\VWHP
LGHQWLILHG DV D VRXUFH RI DQ RXWEUHDN LQ D 7XQLVLDQ QHRQDWDO 8QLW FRUUHVSRQGHG WR RQH
SUHGRPLQDQW*(6SURGXFLQJFORQHLQWKH0LGGOH(DVW,Q7XUNH\DVHULHVRI*(6
*(6  2;$ DQG *(6  2;$SURGXFLQJ A. baumannii LVRODWHV ZHUH
LGHQWLILHG HLWKHU EHORQJLQJ WR 67 RU 67   2YHUDOO ZKHQ ORRNLQJ DW WKH
OLWHUDWXUHbla*(6SRVLWLYH VWUDLQV DOVR FDUU\ WKHbla2;$ FDUEDSHQHPDVHJHQH  
DQG VRPHVWXGLHVKLJKOLJKWHG WKDWERWKJHQHVPLJKWEHFRORFDWHGRQWR WKH VDPHSODVPLG

:HSUHYLRXVO\ LGHQWLILHGDPXOWLGUXJUHVLVWDQWA. baumannii FORQHFRSURGXFLQJD
*(6W\SH DQG DQ 2;$ ȕODFWDPDVH WKDW ZDV IRXQG WR EH LQYROYHG LQ D QRVRFRPLDO
RXWEUHDN,QRUGHUWRJDLQLQVLJKWVLQWRWKHSDWKRJHQLFSRWHQWLDODQGDQWLELRWLFUHVLVWDQFH
GHWHUPLQDQWVRIWKLVFORQHWKHJHQRPHRIRQHUHSUHVHQWDWLYHVWUDLQZDVIXOO\VHTXHQFHG

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5HVXOWVDQG'LVFXVVLRQ

2ULJLQ RI WKH FOLQLFDO LVRODWH A. baumannii VWU . A. baumannii VWUDLQ . ZDV
UHFRYHUHG IURP XULQH RI D SDWLHQW KRVSLWDOL]HG LQ .XZDLW LQ  7KLV LVRODWH VKRZHG
UHVLVWDQFH WR DOO ȕODFWDPV LQFOXGLQJ FDUEDSHQHPV DQG ZDV DGGLWLRQDOO\ UHVLVWDQW WR
DPLNDFLQJHQWDPLFLQFKORUDPSKHQLFROVXOIRQDPLGHVDQGFLSURIOR[DFLQ,WZDVVKRZQWR
EHUHVSRQVLEOHIRUDQRVRFRPLDORXWEUHDNDWWKH$O-DKUDKRVSLWDO.XZDLW

6HTXHQFLQJ SK\ORJHQHWLF DQG FRPSDUDWLYH DQDO\VHV RI WKH A. baumannii VWU .
JHQRPH7RDQDO\]HWKHPXOWLGUXJUHVLVWDQFHSKHQRW\SHRIWKHA. baumanniiVWU.RQD
PROHFXODU EDVLV LWV ZKROH JHQRPH ZDV VHTXHQFHG WR LGHQWLI\ DQWLELRWLF UHVLVWDQFH DQG
YLUXOHQFHJHQHVWRGHWHUPLQHLWVUHODWLRQVKLSWRRWKHUVHTXHQFHGFOLQLFDODQGPXOWLUHVLVWDQW
A. baumanniiLVRODWHVDOVRFRQVLGHULQJHSLGHPLRORJLFDODVSHFWV
7KHJHQRPHRIA. baumanniiVWU.FRQVLVWVRIWZRFORVHGSODVPLGVQDPHO\S.D
NEDQGS.ENEDQGDGUDIWFKURPRVRPDOVHTXHQFH0EFRQWDLQLQJWZRJDSV
LQUHSHWLWLYHUHJLRQV*HQRPHIHDWXUHVRIWKHWKUHH.UHSOLFRQVDUHVXPPDUL]HGLQ7DEOH
*HQRPHSORWVRIWKH.FKURPRVRPHS.DDQGS.EDUHVKRZQLQ6XSSOHPHQWDU\
)LJXUH)LJXUHDQG)LJXUHUHVSHFWLYHO\
3K\ORJHQHWLF FODVVLILFDWLRQ RI A. baumannii VWU . ZDV SHUIRUPHG E\ DSSO\LQJ WKH
FRPSDUDWLYHJHQRPLFVWRRO('*$5EDVHGRQDOOA. baumanniiFRUHJHQHVFRQVLGHULQJ
ILQLVKHGJHQRPH VHTXHQFHV7KH UHVXOWLQJSK\ORJHQHWLF WUHH )LJXUH LV EDVHGRQ
FRQFDWHQDWHG FRUH JHQHV RI A. baumannii VWUDLQV ,W FRPSULVHV WKH WZR NQRZQ&ORQDO
&RPSOH[HV &&DQGDVGHVFULEHGSUHYLRXVO\ DVZHOODV WKUHH IXUWKHUFODGHV
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7ZRRIWKHODWWHUFODGHVDUHUHSUHVHQWHGE\A. baumanniiVWU.DQGA. baumannii$$
 *HQ%DQN DVVHPEO\ DFFHVVLRQ 1R *&$B DQG A. baumannii 6')
*HQ%DQN DVVHPEO\ DFFHVVLRQ 1R *&$B UHVSHFWLYHO\ +HQFH LVRODWH A.
baumannii VWU . DSSHDUHG WR EH ORFDWHG RXWVLGH RI WKH&& DQG && FOXVWHUV EXW LV
DFWXDOO\ FORVHO\ UHODWHG WRA. baumannii VWUDLQ$$ 7R GHWHUPLQH WKH VHTXHQFH W\SH
67RIVWUDLQ.D0XOWLORFXVVHTXHQFHW\SLQJ0/67UHYHDOHGWKDWVWUDLQ.EHORQJV
WRWKHVHTXHQFHW\SHRIWKH3DVWHXUVFKHPHDQG67DFFRUGLQJWRWKH2[IRUGVFKHPH
7KHA. baumannii VWUDLQ $$ DOVR LV D 67 3DVWHXU VFKHPH DQG 67 2[IRUG
VFKHPHPHPEHU.7KHODWWHUVWUDLQZDVVHTXHQFHGLQWKHIUDPHRIWKH
*HQRPLF6HTXHQFLQJ
RID'LYHUVLW\RI860LOLWDU\Acinetobacter baumanniiA. calcoaceticus&RPSOH[,VRODWHV

SURMHFW,WZDVLVRODWHGIURPDVROGLHU¶VZRXQGLQ,UDTDQGLWVGUDIWJHQRPHVHTXHQFH
FRQVLVWV RI  FRQWLJV %RWK VWUDLQV . DQG $$ IHDWXUHG DQ $YHUDJH 1XFOHRWLGH
,GHQWLW\$1,YDOXHRI&RPSDULVRQRIWKH.DQG$$JHQRPHVHTXHQFHVE\
PHDQVRIUFDW UHYHDOHGQRODUJHU LQVHUWHGRUGHOHWHGUHJLRQVLQDQ\RI WKHJHQRPHV
6WUDLQ$$ODFNVDSODVPLGWKDWLVUHODWHGWRSODVPLGS.D$FRXQWHUSDUWRISODVPLG
S.EZDV DOVR IRXQG WR EH SUHVHQW LQ VWUDLQ$$ %RWK VWUDLQV VKDUHPRVW RI WKHLU
JHQHVIHDWXULQJDFRUHJHQRPHRIJHQHV6WUDLQ.SRVVHVVHVVLQJOHWRQVZKHUHDV
VWUDLQ$$KDUERUVVLQJOHWRQV,QWRWDOVLQJOHWRQVRIVWUDLQ.DUHHQFRGHGRQ
WKH SODVPLG S.D VHH EHORZ DQG  DUH ORFDWHG LQ WKH FKURPRVRPH 0DQ\ RI WKH
FKURPRVRPDOVLQJOHWRQVZHUHDQQRWDWHGDVµK\SRWKHWLFDO¶RUHQFRGHWUDQVSRVDVHVRI
JHQHV 7KH IXQFWLRQDOO\ DQQRWDWHG XQLTXH JHQHV HQFRGH KRXVHNHHSLQJ IXQFWLRQV HJ D
PDJQHVLXP WUDQVSRUW V\VWHP R[RDGLSDWH&R$WUDQVIHUDVH VXEXQLW%ENHWRDGLS\O&R$
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WKLRODVH 1$'3GHSHQGHQW IDWW\ DOGHK\GH GHK\GURJHQDVH DQG DON\O K\GURSHUR[LGH
UHGXFWDVHVXEXQLW)

&KURPRVRPDOYLUXOHQFHDQGUHVLVWDQWGHWHUPLQDQWVRIA. baumanniiVWU.,QWRWDO
 SXWDWLYH DQWLPLFURELDO UHVLVWDQFH JHQHV ZHUH LGHQWLILHG LQ WKH FKURPRVRPH RI A.
baumannii VWU . ,QWHUHVWLQJO\ QRQH RI WKHP LV OLQNHG WR PRELOH HOHPHQWV VXFK DV
,QVHUWLRQ 6HTXHQFHV ,6 WUDQVSRVRQV RU LQWHJURQV ,GHQWLILHG DQWLELRWLF UHVLVWDQFH JHQHV
LQFOXGH FODVV $ & DQG 'EODFWDPDVHV ,Q DGGLWLRQ WKH FKURPRVRPH KDUERUV WKH JHQHV
aadAtetADQGcatHQFRGLQJUHVLVWDQFHWRVWUHSWRP\FLQWHWUDF\FOLQHDQGFKORUDPSKHQLFRO
UHVSHFWLYHO\0RUHRYHUPXOWLSOHJHQHV IRUPXOWLGUXJHIIOX[SXPSVDQG$%&WUDQVSRUWHUV
SRWHQWLDOO\ PHGLDWH UHVLVWDQFHV WR IOXRURTXLQRORQHV DQG PDFUROLGHV DPRQJ RWKHU
FRPSRXQGV7KHVHDQGRWKHUUHVLVWDQFHJHQHVLQWKHFKURPRVRPHRIVWUDLQ.DUHOLVWHGLQ
WKH 6XSSOHPHQWDU\ 7DEOH 6*HQHV SRWHQWLDOO\ LQYROYHG LQ YLUXOHQFHZHUH LGHQWLILHG E\
FRPSDULVRQVWRWKH9LUXOHQFH)DFWRU'DWDEDVH9)'%,WDSSHDUHGWKDWA. baumannii
VWU . SRVVHVVHV GLIIHUHQW YLUXOHQFH JHQHV IHDWXULQJ SUHGLFWHG IXQFWLRQV LQ DGKHUHQFH
ELRILOPIRUPDWLRQLPPXQHHYDVLRQDQGLURQXSWDNHDPRQJRWKHUV7DEOH6A. baumannii
FRPPRQO\ V\QWKHVL]HV FDSVXODU SRO\VDFFKDULGHV DQG OLSRROLJRVDFFKDULGHV /26 WKDW DUH
LQYROYHGLQYLUXOHQFHDQGSDWKRJHQHVLV&RUUHVSRQGLQJJHQHVDUHFOXVWHUHGLQWZRORFL
&DSVXOHELRV\QWKHVLVDQGWUDQVSRUWJHQHVDUHORFDWHGLQWKHSDWKRJHQLFLW\UHJLRQNQRZQDV
.ORFXV HQFRGLQJ HQ]\PHV LQYROYHG LQ WKH V\QWKHVLV DQG DVVHPEO\ RI FDSVXODU
ROLJRVDFFKDULGHUHSHDWLQJXQLWV.DQWLJHQ7KH.ORFXVLVLQVHUWHGEHWZHHQWKHJHQHVfkpA 
DQGlldPRIWZRFRQVHUYHGPRGXOHVUHVSRQVLEOHIRUFDSVXOHWUDQVSRUWDQGV\QWKHVLVRI8'3
VXJDUSUHFXUVRUV7KH.ORFXVRIA. baumanniiVWU.ZDVIRXQGWREHLGHQWLFDOWR
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WKH FDSVXOH ELRV\QWKHVLV ORFL RI WKHA. baumannii VWUDLQV5%+  DQG$%1,+ 
ZKLFKKDYHEHHQFODVVLILHGDV./VHH6XSSOHPHQWDO7DEOH6$OWKRXJKFDSVXODUXQLWV
VSHFLILHGE\ WKH./JHQHFOXVWHUKDYHEHHQGLVFORVHG  LW UHPDLQVXQNQRZQZKHWKHU
WKLV ORFXV LV DVVRFLDWHG ZLWK HQKDQFHG YLUXOHQFH ZKHQ FRPSDUHG WR RWKHU .ORFXV
DUUDQJHPHQWV7KHVHFRQGFOXVWHUQDPHG2&ORFXVHQFRGHVJHQHVLQYROYHGLQV\QWKHVLVRI
2XWHU&RUHFRPSRQHQWVRI/26DQGLVORFDWHGEHWZHHQWKHJHQHVilvE DQGaspS$QDO\VLV
RIWKH2&ORFXVIURPWKHVWUDLQ.UHYHDOHGWKDWLWLVLGHQWLFDOWRWKH2&ORFXVIURP
A. baumannii VWU5%+FODVVLILHGDV2&/ 7DEOH67KLV2&DUUDQJHPHQW LVZLGHO\
GLVWULEXWHGLQ&&DQG&&LVRODWHVDQGKDVEHHQLGHQWLILHGLQVHYHUDOA. baumanniiVWUDLQV
EHORQJLQJWRYDULRXV6HTXHQFH7\SHVLQFOXGLQJ67
$OWKRXJKPDQ\ RI WKH DQWLELRWLF UHVLVWDQFH GHWHUPLQDQWV LQA. baumannii DUH FRPPRQO\
RUJDQL]HGZLWKLQUHVLVWDQFHLVODQGV$ED51RQHRIWKHSUHYLRXVO\GHVFULEHG$ED5UHJLRQV
ZDVLGHQWLILHGLQWKHFKURPRVRPHRIVWUDLQ.

*HQRPLF,VODQGVDQGSURSKDJHVHTXHQFHVZLWKLQWKHA. baumannii .FKURPRVRPH
3UHGLFWLRQ RI *HQRPLF ,VODQGV *,V E\ DSSOLFDWLRQ RI ,VODQG 9LHZHU   OHG WR WKH
LGHQWLILFDWLRQ RI QLQH SXWDWLYH *,V ZLWKLQ WKH . FKURPRVRPH WKDW ZHUH WHQWDWLYHO\
GHVLJQDWHG*, WR*, VHH 6XSSOHPHQWDO 7DEOH 6 6HTXHQFH DQDO\VLV RI HDFK UHJLRQ
UHYHDOHG WKDW VL[ RI WKHP KDUERU SKDJHUHODWHG &'6V 7KH SUHGLFWHG *, UHSUHVHQWV D
UHJLRQWKDWLVSUHVHQWLQPDQ\RWKHUAcinetobacterVSSFKURPRVRPHVDQGFRQWDLQVWKHtol-
pal JHQH FOXVWHU  (QFRGHG JHQH SURGXFWV DUH LQYROYHG LQ PDLQWHQDQFH RI RXWHU
PHPEUDQH LQWHJULW\ DQG IDFLOLWDWH XSWDNH RI JURXS $ FROLFLQV DQG '1$ RI LQIHFWLQJ
ILODPHQWRXVEDFWHULRSKDJHV,WKDVEHHQGHPRQVWUDWHGWKDW3DOLVHVVHQWLDOIRUEDFWHULDO
VXUYLYDODQGSDWKRJHQHVLVDOWKRXJKLWVPROHFXODUIXQFWLRQKDVQRWEHHQFOHDUO\GHILQHG
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 *HQHWLF FRQWH[W RI WKLV JHQH FOXVWHU YDULHV FRQVLGHUDEO\ DPRQJ GLIIHUHQW *UDP
QHJDWLYH EDFWHULD EXW VHHP WR EH FRQVHUYHG DPRQJ VWUDLQV EHORQJLQJ WR WKH VDPH JHQXV
)LJXUH6&KURPRVRPDOUHJLRQVFRUUHVSRQGLQJWR*,*,DQG*,ZHUHDOVRIRXQG
LQRWKHUA. baumanniJHQRPHV+RZHYHUWKHVHUHJLRQVDUHQRWYHU\IUHTXHQWO\UHSUHVHQWHG
LQ RWKHU Acinetobacter VSHFLHV DQG DUH QRW SUHVHQW LQ RWKHU EDFWHULD ,Q FRQWUDVW
FRPSDUDWLYHQXFOHRWLGHVHTXHQFHDQDO\VHVZLWKRWKHUAcinetobacterVSJHQRPHVGLVFORVHG
WKDWWKHJHQRPLFLVODQGV*,DQG*,IHDWXUHXQLTXHJHQHWLFVWUXFWXUHV*,LVES
LQ VL]H DQG FRQWDLQV  SXWDWLYH &'6V FRPSULVLQJ PRVWO\ K\SRWKHWLFDO JHQHV D tetR
WUDQVFULSWLRQDOUHJXODWRUJHQHD1$'+R[LGDVHDQGDPHWDOGHSHQGHQWK\GURODVHJHQH$
VLPLODU VWUXFWXUH LV SUHVHQW LQ Acinetobacter pitti 3+($ &3 LVRODWHG IURP
LQGXVWULDO ZDVWHZDWHU LQ &KLQD  FRYHUDJH DQG  VHTXHQFH LGHQWLW\ DQG
Acinetobacter oleivorans'5&3DGLHVHOGHJUDGLQJVWUDLQ LVRODWHGIURPSDGG\
ULFHVRLOIURP6RXWK.RUHDFRYHUDJHDQGVHTXHQFHLGHQWLW\$OLJQPHQWVRIWKHVH
UHJLRQV DUH VKRZQ LQ )LJXUH 6 *, IODQNLQJ UHJLRQV VHHP WR EH FRQVHUYHG DPRQJ
GLIIHUHQW A. baumannii VWUDLQV DQG OHVV FRQVHUYHG FRPSDUHG ZLWK RWKHU Acinetobacter
VSHFLHV )ODQNLQJ JHQHV JHQHUDOO\ HQFRGH SURWHLQV LQYROYHG LQ OLSLG PHWDEROLVP DQGRU
VROYHQWRJHQHVLVQRWVKRZQ*,FRPSULVHVESDQG&'6V)LJXUH6,QWKLV
UHJLRQWZRJHQHFOXVWHUVZHUHLGHQWLILHGRQHFRQWDLQLQJPRVWO\K\SRWKHWLFDOJHQHVDQGD
VHFRQG FOXVWHU HQFRGLQJ K\SRWKHWLFDO SURWHLQV SUREDEO\ RULJLQDWLQJ IURP EDFWHULRSKDJHV
'DWDEDVH VHDUFKHV VKRZHG WKDW D VLPLODU VWUXFWXUH LV SUHVHQW LQ WKH A. baumannii VWUDLQ
$%8: 1=B&3  FRYHUDJH DQG  LGHQWLW\ 'LIIHUHQFHV EHWZHHQ
WKHVHUHJLRQVDUHUHVWULFWHGWRDVPDOOVHJPHQWFRPSULVLQJWZR&'6VUHODWHGWRSKDJHJHQHV
LQVWUDLQ.ESDQGIRXU&'6VHQFRGLQJK\SRWKHWLFDOSURWHLQVLQVWUDLQ$%
8: ES )LJXUH 6 )ODQNLQJ UHJLRQV RI UHODWHG*, VWUXFWXUHV IRXQG LQ RWKHUA. 
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baumanni FKURPRVRPHV DUH FRQVHUYHG DQG FRUUHVSRQG WR JHQHV LQYROYHG LQ JHQHUDO
FDUERQQLWURJHQ PHWDEROLVP *HQRPLF VWUXFWXUHV RI *, *, DQG *, ZHUH IRXQG LQ
PXOWLSOH A. baumannii VWUDLQV IURP DOO DURXQG WKH JOREH DQG SDUWLDOO\ LQ RWKHU
AcinetobacterVSHFLHV3UHGLFWHG*,VDQGSUREDEO\UHSUHVHQWSURSKDJHVWUXFWXUHVDV
GHWDLOHG EHORZ ,QWHUHVWLQJO\ QRQH RI WKH *,V SUHGLFWHG LQ WKH . FKURPRVRPH LV
DVVRFLDWHGZLWKDQWLPLFURELDOUHVLVWDQFHRUYLUXOHQFHGHWHUPLQDQWV
3URSKDJH VHTXHQFHV ZHUH LGHQWLILHG DSSO\LQJ WKH 3+$67(5 VHUYHU  6XSSOHPHQWDO
7DEOH 6 5HJLRQ  FRQVLVWLQJ RI  &'6V ZDV FRQVLGHUHG WR UHSUHVHQW DQ LQWDFW
SURSKDJH 5HJLRQ  KDUERUV  &'6V DQG LV DPELJXRXV UHJDUGLQJ LWV FRPSOHWHQHVV
&RPSDULVRQ RI SURSKDJH UHJLRQV ZLWK WKH SUHGLFWHG *,V GHVFULEHG DERYH UHYHDOHG
DVVRFLDWLRQRI*,ZLWK5HJLRQFRPSULVLQJDFRPSOHWHSURSKDJHZKHUHDV*,DQG*,
DUHORFDWHGLQFORVHSUR[LPLW\WRSURSKDJHUHJLRQ1XFOHRWLGHVHTXHQFHFRPSDULVRQRIWKH
ODWWHU FOXVWHU ZLWK RWKHU JHQRPHV GHSRVLWHG LQ GDWDEDVHV UHYHDOHG WKDW LW LV XQLTXH EXW
VLPLODU WR WZR UHJLRQV RI WKH A. baumannii %$/ FKURPRVRPH 1=B/7
+RZHYHU VLPLODULW\ EHWZHHQ WKHVH VHTXHQFHV LVPRVWO\ GXH WR K\SRWKHWLFDO JHQHV UDWKHU
WKDQSKDJHUHODWHGJHQHV

7KH VPDOOSXWDWLYHYLUXOHQFHSODVPLGS.E3ODVPLGS.E NEKDUERUV WKLUWHHQ
SUHGLFWHG JHQHV )LYHRI WKHVH JHQHVZHUH DQQRWDWHG DV µK\SRWKHWLFDO¶$PRQJ WKH JHQHV
ZLWK SUHGLFWHG IXQFWLRQV WZR UHSOLFDWLRQ LQLWLDWLRQ JHQHV rep RQH HQFRGLQJ D 5HSB
VXSHUIDPLO\SURWHLQ3)DVZHOODVWZRW\SH,,WR[LQDQWLWR[LQV\VWHPJHQHVQDPHO\
relEB DQG brnTA ZHUH LGHQWLILHG. 0RUHRYHU D JHQH HQFRGLQJ D FKROHVWHUROGHSHQGHQW
F\WRO\VLQ QDPHG VHSWLFRO\VLQ DQG D 7RQ%GHSHQGHQW RXWHU PHPEUDQH UHFHSWRU JHQH DUH
SUHVHQWRQWKHSODVPLG6HSWLFRO\VLQLVDSRUHIRUPLQJWR[LQDQGWKH7RQ%GHSHQGHQW
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UHFHSWRUSURWHLQZDVSUHGLFWHGWREHLQYROYHGLQLURQDFTXLVLWLRQDQGYLUXOHQFH+HQFH
SODVPLG S.E KDUERUV WZR SXWDWLYH YLUXOHQFH GHWHUPLQDQWV 'DWDEDVH VHDUFKHV UHYHDOHG
WKDWSODVPLGS.ELVKLJKO\VLPLODUWRRWKHUA. baumanniiSODVPLGVVXFKDVS$
DQGS$%  WKDWZHUHDOVR LVRODWHG IURPPXOWLUHVLVWDQW VWUDLQV+RZHYHU WKHUHDUH
WZRPDMRUGLIIHUHQFHVEHWZHHQS.EDQGRWKHUUHODWHGSODVPLGVLWKHSUHVHQFHRI;HU'
;HU&UHFRPELQDWLRQVLWHVIODQNLQJWKUHH&'6VQDPHO\WKHWR[LQDQWLWR[LQJHQHVrelBEDQG
RQH K\SRWKHWLFDO JHQH DQG LL WKH SUHVHQFH RI WZR rep JHQHV ZKRVH VHTXHQFHV DUH QRW
FORVHO\ UHODWHG WR WKRVH IRXQG LQ VLPLODU SODVPLGV )LJXUH  $OWKRXJK S.E HQFRGHV
JHQHV WKDW DUH DVVRFLDWHG ZLWK YLUXOHQFH DQG LURQ XSWDNH EXW LWV ELRORJLFDO LPSRUWDQFH
UHPDLQV WR EH GHWHUPLQHG 1HYHUWKHOHVV WKLV 0*( PD\ IDFLOLWDWH DFTXLVLWLRQ RI IXUWKHU
DFFHVVRU\JHQHWLFLQIRUPDWLRQIRUH[DPSOHvia;HU&;HU'PHGLDWHGUHFRPELQDWLRQ

0RGXODUVWUXFWXUHRISODVPLGS.D3ODVPLGS.DLVESLQVL]HIHDWXULQJD*&
FRQWHQWRIZKLFKLVFOHDUO\EHORZWKH*&FRQWHQWRIWKHFKURPRVRPHDQG
FRPSULVHV&'6V+RPRORJ\EDVHG IXQFWLRQDODVVLJQPHQWV WRSODVPLGJHQHV UHYHDOHG
WKDW WKLV UHSOLFRQ KDUERUV GLIIHUHQW SODVPLGVSHFLILFPRGXOHV IRU UHSOLFDWLRQ WUDQVIHU DQG
PDLQWHQDQFHDVZHOODVDFFHVVRU\JHQHWLFLQIRUPDWLRQVXFKDVDQWLELRWLFUHVLVWDQFHJHQHV
FRQVLVWHQWZLWKWKH0'5SKHQRW\SHRIWKHVWUDLQ7KHUHSOLFDWLRQLQLWLDWLRQSURWHLQHQFRGHG
RQ WKH SODVPLG LV D PHPEHU RI WKH UHSOLFDWLRQ JURXS 5* $FL  3ODVPLGV
UHSUHVHQWLQJ WKLV JURXS ZHUH SUHYLRXVO\ LGHQWLILHG LQ GLIIHUHQW A. baumannii VWUDLQV DQG
KDUERUFRQMXJDWLYHWUDQVIHUPRGXOHV6WDEOHPDLQWHQDQFHSURWHLQVRIWKHSODVPLG
LQGLFDWH WKDW S.D VSHFLILHV GLIIHUHQW PHFKDQLVPV WR HQVXUH SODVPLG VXUYLYDO DQG
SURSDJDWLRQ3DU$3DU%SURWHLQVUHSUHVHQWDSDUWLWLRQLQJV\VWHPDQGWKH5HO%5HO(W\SH,,
WR[LQDQWLWR[LQV\VWHPZDVSUHGLFWHGWREHLQYROYHGLQSRVWVHJUHJDWLRQDONLOOLQJ7KH3LQ5
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UHFRPELQDVHSUREDEO\DOVRHQDEOHVHTXDOGLVWULEXWLRQRISODVPLG'1$GXULQJEDFWHULDOFHOO
GLYLVLRQ WR GDXJKWHU FHOOV ZKHUHDV WKH 8PX& '1$ SRO\PHUDVH VXEXQLW DGGLWLRQDOO\
SURWHFWVWKHSODVPLG'1$IURPGDPDJH
3ODVPLGS.DKDUERUHGDFRPSOHWH WUDQVIHU7UDUHJLRQDQQRWDWHGFRQMXJDWLYH
WUDQVIHU JHQHV HQFRGLQJ DOO SURWHLQ FRPSRQHQWV HQDEOLQJ VHOIWUDQVIHU RI WKH SODVPLG
0DWLQJH[SHULPHQWVFRQILUPHGWKDWSODVPLGS.DZDV WUDQVIHUDEOHDPRQJA. baumannii 
VWUDLQV DQG FRUUHVSRQGLQJ WUDQVFRQMXJDQWV VKRZHG DQ 0,& RI LPLSHQHP DW  JPO
FRPSDUHG WR  JPO IRU WKH UHFLSLHQW VWUDLQ 3K\ORJHQHWLF DQDO\VLV RI WKH UHOD[DVH
HQFRGHG ZLWKLQ WKH 7UDPRGXOH UHYHDOHG WKDW WKLV SURWHLQ FOXVWHUV ZLWKLQ WKH 02%)
VXEIDPLO\RIUHOD[DVHV0HPEHUVRIWKLVVXEIDPLO\RULJLQDWHIURP,QF1,QF),QF3
DQG,QF:SODVPLGVRIJProteobacteria 

3ODVPLGS.DKDUERUVWKH,QVHUWLRQ6HTXHQFHV,6Aba1DQG,6Aba125.3ODVPLGS.D
KRVWV WKUHH ,6 HOHPHQWV SUHYLRXVO\ LGHQWLILHG LQ A. baumannii QDPHO\ WZR ,6Aba1-OLNH
HOHPHQWVDQGRQH,6Aba125FRS\$FRS\RI,6Aba1LVORFDWHGZLWKLQWKHFRGLQJVHTXHQFH
IRU D K\SRWKHWLFDO SURWHLQ GRZQVWUHDP RI D WHOOXULWH UHVLVWDQFH JHQH $ VHFRQG FRS\ RI
,6Aba1LQSODVPLGS.DLVDVVRFLDWHGZLWKWUDQVSRVRQ7Q20087KLVHOHPHQWKDUERUV
WKHFDUEDSHQHPDVHJHQHbla2;$DORQJZLWKDQ$73DVHJHQH7Q2008ZDVDOVRLGHQWLILHG
LQWKHFKURPRVRPHRIA. baumanniiVWUDLQ$%8:KDUERULQJSODVPLGS$%VHH
EHORZ DQG FRQWDLQLQJ WKH SURSKDJH SKL2;$  7KH LQVHUWLRQ VHTXHQFH ,6Aba125
LQVHUWHGLQDUHJLRQGRZQVWUHDPRIWKHWUDQVIHUJHQHVtraD-traIRQSODVPLGS.D

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3ODVPLGS.DKDUERUVDFODVVLQWHJURQIODQNHGE\0,7(V3ODVPLGS.DKDUERUVD
FODVV LQWHJURQ LQFOXGLQJ WKH W\SLFDO¶FRQVHUYHGVHJPHQWJHQHVsul1qacE¨1 DQGorf5
  DV ZHOO DV WKH DQWLELRWLF UHVLVWDQFH JHQHV dfrA7 VXOSKRQDPLGHV aacA4
DPLQRJO\FRVLGHV DQG bla*(6 H[WHQGHGVSHFWUXP ȕODFWDPDVH  )LJXUH 
$FFRUGLQJO\UHVLVWDQFHVWRWKHVHDQWLPLFURELDOFRPSRXQGVZHUHFRQILUPHGSKHQRW\SLFDOO\
7KH FODVV  LQWHJURQ LV IODQNHG E\ 0LQLDWXUH ,QYHUWHG UHSHDW 7UDQVSRVDEOH (OHPHQWV
0,7(V   DV DOUHDG\ GHVFULEHG IRU SODVPLG S$%  DQG UHFHQWO\ LQ
S$E7KHOHIWDQGULJKWHQGVRIWKHS.DLQWHJURQLQFOXGLQJWKH0,7(HOHPHQWV
DQG WKH ES WDUJHW VLWH GXSOLFDWLRQ DUH LGHQWLFDO WR WKH LQWHJURQ RQ SODVPLG S$%
+RZHYHUDQDGGLWLRQDONEIUDJPHQWRQS$%FRQWDLQLQJDQRWKHUint1LQWHJUDVHJHQH
DQGIXUWKHUDQWLELRWLFUHVLVWDQFHJHQHVQDPHO\aadB, cmlA5, aadA2DQGstrAB LVDFWXDOO\
PLVVLQJRQS.D

&RPSDUDWLYH DQDO\VHV RI A. baumannii S.D ZLWK FORVHO\ UHODWHG SODVPLGV
1XFOHRWLGHVHTXHQFHDQDO\VHVRISODVPLGS.DUHYHDOHGWKDWLWLVFORVHO\UHODWHGWRRWKHU
SODVPLGV RI FOLQLFDO PXOWLUHVLVWDQW A. baumannii VWUDLQV VXFK DV S$% *HQ%DQN
$FFHVVLRQ1R&3$%.S*HQ%DQN$FFHVVLRQ1R&3S$E*
*HQ%DQN $FFHVVLRQ 1R .)  S$%7&'& *HQ%DQN $FFHVVLRQ 1R
&3DQGS$E*HQ%DQN$FFHVVLRQ1R.<7DEOH67R
HYDOXDWH WKHLU JHQRPLF UHODWLRQVKLSV D FRPSDUDWLYH DQDO\VLVZDV SHUIRUPHG DV GHVFULEHG
SUHYLRXVO\7KHUHVXOWVRIWKLVDQDO\VLVDUHVKRZQLQ)LJXUH$OOSODVPLGVVKDUHD
FRPPRQ EDFNERQH FRPSRVHG RI KRPRORJRXV UHJLRQV 7KHVH UHJLRQV DFFRXQW IRU 
SODVPLGS$%WRSODVPLGS$E*RIWKHZKROHSODVPLGJHQRPHVHTXHQFH
3ODVPLGV S$% S$%.S S$E* S$%7&'& S$E DQG S.D VKDUH
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 JHQHV QDPHO\ WKH UHSOLFDWLRQ LQLWLDWLRQ JHQH ILYH VWDEOH PDLQWHQDQFH JHQHV 
FRQMXJDWLYH WUDQVIHUJHQHVK\SRWKHWLFDOJHQHVDQG IRXUJHQHVHQFRGLQJPLVFHOODQHRXV
IXQFWLRQV 7KH ODWWHU IXQFWLRQV UHIHU WR D PLFURFRFFDO QXFOHDVH $&%.BS.DB D
'1$ ELQGLQJ SURWHLQ $&%.BS.DB D WR[LF DQLRQ RU WHOOXULWH UHVLVWDQFH SURWHLQ
telA DQG D SURWHLQGLVXOILGH LVRPHUDVH $&%.BS.DB $YHUDJH 1XFOHRWLGH
,GHQWLW\$1,DQDO\VHVUHYHDOHGWKDWSODVPLGVS.DS$%S$EDQGS$E*
IRUPDVXEJURXSRIYHU\FORVHO\UHODWHGSODVPLGVFRQVLGHULQJVKDUHGVHTXHQFHV7DEOH6
7KHVH SODVPLGV IHDWXUH$1, YDOXHV RI  WR ZKHUHDV SODVPLGV S$%.S DQG
S$%7&'&GLVSOD\$1,YDOXHVRIWRWRSODVPLGVRIWKHODWWHUJURXS7KH
KRVWVWUDLQVRISODVPLGVS$%.SDQGS$%7&'&ZHUHFODVVLILHGDV&&PHPEHUV
ZKHUHDVS$%DQGS$E*RULJLQDWHIURP&&VWUDLQV7KHKRVWRISODVPLGS.D
GRHVEHORQJQHLWKHUWR&&QRUWR&&EXWWRDVRIDUXQFKDUDFWHUL]HGFODGHRXWVLGHRIWKH
NQRZQ &&V ,QWHUHVWLQJO\ SODVPLG S$E RULJLQDWHV IURP DQ A. baumanii VWUDLQ
EHORQJLQJ WR WKH 67 2[IRUG VFKHPH DQG 67 3DVWHXU VFKHPH JURXSV ,W ZDV
LVRODWHG DW WKH 5DEWD +RVSLWDO 7XQLV 7XQLVLD /LNHZLVH VWUDLQ . ZDV FODVVLILHG DV
67DQG67PHPEHU+HQFHFORQHVEHORQJLQJWRWKLVVHTXHQFHW\SHKDYHQRZEHHQ
LGHQWLILHGLQFRXQWULHVVXFKDV.XZDLW,UDT6DXGL$UDELD(J\SW7XQLVDEXW
DOVR'HQPDUN
6HTXHQFHV RI WKH SODVPLGV LQFOXGHG LQ WKLV FRPSDUDWLYH DQDO\VLV GLIIHU ZLWK UHVSHFW WR
LQVHUWLRQV RIPRELOH JHQHWLF HOHPHQWV WKDW DUH FKDUDFWHUL]HG E\ WUDQVSRVDVH DQG LQWHJUDVH
JHQHV LQYHUWHG UHSHDWVRU0LQLDWXUH ,QYHUWHGUHSHDW7UDQVSRVDEOH(OHPHQWV 0,7(VDV
LOOXVWUDWHG LQ)LJXUHDQG7UDQVSRVRQ7Q2008 ORFDWHGXSVWUHDPRI WKH WUDQVIHU JHQHV
traDIRISODVPLGS.DLVDEVHQWRQSODVPLGS$%VHH)LJXUH7KHODWWHUSODVPLG
KDUERUV WZR FRSLHV RI ,6Aba125 IODQNLQJ WKH DPLQRJO\FRVLGHUHVLVWDQFH JHQH aphA6
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FRQVWLWXWLQJ WKHFRPSRVLWH WUDQVSRVRQ7QaphA6HQFRGLQJUHVLVWDQFH WRDPLNDFLQ 
7QaphA6 LVPLVVLQJ RQ SODVPLG S.D EXW LV SDUW RI WKH FRQMXJDWLYH SODVPLG S$E*
IURP DQ $XVWUDOLDQ && A. baumannii FORQH 3ODVPLG S$% LV  LGHQWLFDO WR
SODVPLG S$E  DQG WKHUHIRUH IRU FODULW\ UHDVRQV ZDV QRW LQFOXGHG LQ )LJXUH 
3ODVPLG S$E FDQ IRUPDOO\ EH UHJDUGHG DV S$% GHOHWLRQ GHULYDWLYH ODFNLQJ DQ
DSSUR[ESIUDJPHQWFDUU\LQJSDUWRI,6Aba125

&RQFOXVLRQV
3K\ORJHQHWLF DQG0/67 DQDO\VLV RI WKHPXOWLGUXJUHVLVWDQW VWUDLQ. VKRZHG WKDW LW LV
FORVHO\ UHODWHG WR A. baumannii $$ LVRODWHG IURP ,UDT DQG IXUWKHU 67 2[IRUG
VFKHPHVWUDLQVIURP1RUWK$IULFDQ(J\SW7XQLVLDDQGWKH0LGGOH(DVWFRXQWULHV6DXGL
$UDELDDQG.XZDLW7KLVVXJJHVWVGLVVHPLQDWLRQRI WKLVFORQDO OLQHDJHLQ WKH*XOIUHJLRQ
DQG VSUHDGLQJ WR1RUWK$IULFD5HFHQWO\ DSSHDUDQFH RI D67 2[IRUG VFKHPH FORQH
KDUERULQJ WKH bla*(6 JHQH ZDV DOVR UHSRUWHG IURP WKH 2GHQVH 8QLYHUVLW\ +RVSLWDO
'HQPDUN(XURSHFRQILUPLQJWUDQVIHURIWKLVYDULDQWWR(XURSH,QFRQWUDVWWRVWUDLQ
$$A. baumanniiVWU.KDUERUHGWKHODUJHFRQMXJDWLYHSODVPLGS.DFRQWDLQLQJ
VHYHUDOUHVLVWDQFHGHWHUPLQDQWVZKLFKUHFHQWO\PD\KDYHEHHQDFTXLUHGE\KRUL]RQWDOJHQH
WUDQVIHU HYHQWV +HQFH SODVPLG S.D DQG UHODWHG 5* $FL UHSOLFRQV IDFLOLWDWH
GLVVHPLQDWLRQ RI JHQHWLF LQIRUPDWLRQ DPRQJ GLIIHUHQW A. baumannii FORQDO FRPSOH[HV
&&VLQFOXGLQJVRIDUXQFKDUDFWHUL]HG&&VVLQFHWKLVSODVPLGW\SHKDVEHHQLGHQWLILHGLQ
GLIIHUHQWA. baumannii0'5OLQHDJHV$FFRUGLQJO\5*$FLSODVPLGVDUHVXSSRVHGWR
SOD\DQ LPSRUWDQW UROH IRU UDSLGDGDSWDWLRQRIA. baumannii WR FOLQLFDOHQYLURQPHQWV DQG
DQWLPLFURELDOWUHDWPHQW
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6WULNLQJO\ WKHFKURPRVRPHRIVWUDLQ.GRHVQRWKDUERUDQ\5HVLVWDQFH,VODQGV$ED5
WKDWDUHIUHTXHQWO\IRXQGLQA. baumanniiPXOWLGUXJUHVLVWDQWVWUDLQV7KH.
FKURPRVRPDOUHVLVWDQFHJHQHVZHUHGLVSHUVHGDQGQRWDVVRFLDWHGZLWKDQ\VSHFLILFJHQHWLF
HOHPHQW ,Q DGGLWLRQ WR LWV0'5SKHQRW\SH VWUDLQ . SRVVHVVHG VHYHUDO YLUXOHQFH DQG
SDWKRJHQLFLW\GHWHUPLQDQWVWKDWPD\KDYHDQLPSDFWRQLQIHFWLRQVHYHUHQHVV
&RPSDUDWLYHDQDO\VHVRIS.DDQGS.EWRUHODWHGSODVPLGVVKRZHGWKDWWKH\SRVVHVVD
FRQVHUYHGEDFNERQH VSHFLI\LQJSODVPLG IXQFWLRQV'LIIHUHQFHV DPRQJ WKHVH UHSOLFRQV DUH
PDLQO\ DWWULEXWHG WR DFFHVVRU\ PRGXOHV DVVRFLDWHG ZLWK PRELOH JHQHWLF HOHPHQWV RU
UHFRPELQDWLRQORFLLQGLFDWLQJWKDWSODVPLGVPDLQWDLQHIILFLHQWPRGXODUVWUXFWXUHVHQVXULQJ
WKHLUVWDEOHLQKHULWDQFHSURSDJDWLRQDQGPRELOLW\ZKHUHDSSOLFDEOH

0DWHULDOVDQG0HWKRGV

%DFWHULDO LVRODWH DQWLELRWLF VXVFHSWLELOLW\ WHVWLQJ DQGPDWLQJRXW DVVD\V ,VRODWH .
ZDVLGHQWLILHGE\XVLQJWKH$3,1(V\VWHPELR0pULHX[0DUF\O¶(WRLOH)UDQFHDQG6
U'1$ JHQH VHTXHQFLQJ8SRQ FRPSOHWLRQ RI WKH VWUDLQ¶V JHQRPH VHTXHQFH LW ZDV DOVR
FODVVLILHG EDVHG RQ LWV JHQRPLF IHDWXUHV 7KH DQWLELRWLF VXVFHSWLELOLW\ RI WKH LVRODWH ZDV
GHWHUPLQHGE\WKHGLVFGLIIXVLRQWHFKQLTXHRQ0XHOOHU+LQWRQDJDU0,&VZHUHGHWHUPLQHG
E\ XVLQJ (WHVW VWULSV $% ELR0pULHX[ /D %DOPHOHV*URWWHV )UDQFH DQG LQWHUSUHWHG
DFFRUGLQJWRWKH&/6,JXLGHOLQHV&/6,0DWLQJRXWDVVD\VZHUHSHUIRUPHGDVGHVFULEHG
 XVLQJA; baumannii %0 ULIDPSLQ UHVLVWDQW DV UHFLSLHQW VWUDLQ 6HOHFWLRQ RI WKH
WUDQVFRQMXJDQWVZDVSHUIRUPHGE\VXSSOHPHQWLQJ0+DJDUSODWHVZLWKLPLSHQHPJPO
DQGULIDPSLQJPO
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,VRODWLRQ DQG WUDQVIHU RI SODVPLG S.D 3ODVPLG '1$ ZDV H[WUDFWHG E\ XVLQJ WKH
.LHVHUPHWKRG  DQG HOHFWURSRUDWLRQZDV SHUIRUPHG XVLQJA. baumannii &,3 DV
UHFLSLHQW)RUPDWLQJH[SHULPHQWVVHOHFWLRQRIUHFLSLHQWVWUDLQVZDVGRQHRQWLFDUFLOOLQ
JPO DQG VRGLXP D]LGH  JPO RU ULIDPSLFLQ  JPO GHSHQGLQJ RQ WKH
UHFLSLHQWVWUDLQXVHG
6HTXHQFLQJ DQG DQQRWDWLRQ RI WKH A. baumannii . JHQRPH 7KH JHQRPH RI A. 
baumannii.ZDVVHTXHQFHGXVLQJWKH,OOXPLQD0L6HTV\VWHPIROORZHGE\ELRLQIRUPDWLF
DQDO\VHVDVSUHYLRXVO\GHVFULEHGIRUA. baumanniiVWUDLQV55DQG&,3
 ,Q EULHI DQ NE PDWHSDLU VHTXHQFLQJ OLEUDU\ ZDV FRQVWUXFWHG IRU VWUDLQ .
VHTXHQFHGDQGDVVHPEOHGXVLQJWKH*6de novo$VVHPEOHUVRIWZDUHYHUVLRQ5RFKH
7R IDFLOLWDWH JDS FORVXUH DQG DVVHPEO\ YDOLGDWLRQ D FRPELQDWLRQ RI D 3&5EDVHG DQG in 
silico EDVHG VWUDWHJ\ ZDV DSSOLHG  7KH WKUHH ILQDO . UHSOLFRQV WKH EDFWHULDO
FKURPRVRPHDQGWZRSODVPLGVZHUHDQQRWDWHGE\PHDQVRIWKHUDSLGSURNDU\RWLFJHQRPH
DQQRWDWLRQ WRRO 3URNND  DQG WKH *HQ'% DQQRWDWLRQ SODWIRUP  EDVHG RQ WKH
DQQRWDWLRQ RI WKH UHIHUHQFH VWUDLQ A. baumannii $% *HQ%DQN DFFHVVLRQ QR
&3,QDGGLWLRQ:HE0*$ZDVDSSOLHGIRUWKH&2*DQQRWDWLRQZLWKGHIDXOW
VHWWLQJV (YDOXH WKUHVKROGRI[ 0RUHRYHUDOOJHQHV WKDWZHUHGLVFXVVHG LQ
WKLVVWXG\ZHUHPDQXDOO\DQQRWDWHGZLWK WKHKHOSRI%/$67DQGRWKHU WRROVDVGHVFULEHG
UHFHQWO\7KHJHQRPHVHTXHQFHIRUA. baumannii VWU.LVDFFHVVLEOHXQGHU
WKH(0%/*HQ%DQNSURMHFWLGHQWLILFDWLRQ1R35-(%
&RPSDUDWLYH DQDO\VLV SK\ORJHQHWLF FODVVLILFDWLRQ DQG PXOWLORFXV VHTXHQFH W\SLQJ
&RPSDUDWLYH DQDO\VHV DQG SK\ORJHQHWLF FODVVLILFDWLRQ RI A. baumannii VWUDLQ . ZHUH
SHUIRUPHGXVLQJ('*$5DVUHFHQWO\GHVFULEHG7KHVHTXHQFHW\SH67RIA.
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baumannii VWU . ZDV GHWHUPLQHG E\ DSSO\LQJ WKH A. baumannii PXOWLORFXV VHTXHQFH
W\SLQJ0/67GDWDEDVHDFFRUGLQJ WR WKH3DVWHXUVFKHPHcpn60 fusAgltApyrGrecA
rplB DQG rpoB DQG WKH2[IRUG VFKHPH gltAgyrBgdhB recA cpn60gpi DQG rpoD
KWWSVSXEPOVWRUJDEDXPDQQLL7RGHWHUPLQHWKHVLPLODULW\EHWZHHQA. baumanniiVWUDLQ
. DQG A. baumannii VWUDLQ $$ DV ZHOO DV IRU S.D DQG WKH UHODWHG SODVPLGV
S$% $%.S S$E* DQG S$%7&' DQ $YHUDJH 1XFOHRWLGH ,GHQWLW\
DQDO\VLV$1,ZDVSHUIRUPHGDVGHVFULEHGSUHYLRXVO\
'HWHFWLRQRIDQWLELRWLFUHVLVWDQFHJHQHVDQGSDWKRJHQLFLW\GHWHUPLQDQWV3UHGLFWLRQRI
FKURPRVRPDO DQWLELRWLF UHVLVWDQW JHQHV ZDV DFFRPSOLVKHG XVLQJ WKH GDWDEDVHV $5*
$1127  DQG *HQ%DQN DSSO\LQJ GHIDXOW SDUDPHWHUV ,GHQWLILFDWLRQ RI YLUXOHQFH DQG
SDWKRJHQLFLW\ IDFWRUV ZDV FDUULHG RXW XVLQJ WKH 9LUXOHQFH )DFWRU 'DWDEDVH 9)'% 
&RUUHVSRQGLQJDQQRWDWLRQVZHUHDVVLJQHGZKHQDOLJQPHQWVUHVXOWHGLQLGHQWLW\YDOXHVRIDW
OHDVWPLQLPDOO\FRYHULQJRIWKHJHQH
'HWHFWLRQ RI JHQRPLF ,VODQGV DQG 3URSKDJH VHTXHQFHV 3UHGLFWLRQ RI FKURPRVRPDO
JHQRPLF LVODQGVZDVDFFRPSOLVKHGXVLQJ ,VODQG9LHZHU  ,GHQWLILFDWLRQRISURSKDJH
UHJLRQVZDVFDUULHGRXWE\WKH3+$67(5VRIWZDUH

$FNQRZOHGJPHQWV
7KLVZRUNZDVSDUWLDOO\ IXQGHGE\ WKH8QLYHUVLW\RI)ULERXUJDQGE\ WKH6ZLVV1DWLRQDO
6FLHQFH)RXQGDWLRQSURMHFW)16$B,36ZDVVXSSRUWHGE\DSRVWJUDGXDWH
IHOORZVKLSIURP&21,&(7DQGD'$$'*HUPDQ$FDGHPLF([FKDQJH6HUYLFHVKRUWWHUP
IHOORZVKLS:H JUDWHIXOO\ DFNQRZOHGJH WKH ELRLQIRUPDWLFV VXSSRUW RI WKH %0%)IXQGHG
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SURMHFW ³%LHOHIHOG*LHHQ &HQWHU IRU 0LFURELDO %LRLQIRUPDWLFV ± %L*L *UDQW QXPEHU
$ZLWKLQWKH*HUPDQ1HWZRUNIRU%LRLQIRUPDWLFV,QIUDVWUXFWXUHGH1%,
 
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
7DEOH*HQRPHIHDWXUHVRIA. baumanniiVWU.

)HDWXUH &KURPRVRPH S.D S.E
6L]HES@   
*&FRQWHQW   
7RWDOQXPEHURIJHQHV   
U51$RSHURQV   
W51$V   
3URWHLQFRGLQJJHQHV&'6V   
*HQHVZLWKDSUHGLFWHG
IXQFWLRQ   

 
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)LJXUHV
)LJXUH


)LJXUH
*HQHWLFPDSRI WKHAcinetobacter baumanniiSODVPLGS.D7KHFLUFOHV UHSUHVHQW IURP
LQQHU WR RXWHUPRVW L *&VNHZ LL *&FRQWHQW LLL DQQRWDWHG FRGLQJ VHTXHQFHV DUH
PDUNHG DV DUURZV $UURZV DUH FRORUHG WR LQGLFDWH D VSHFLILF SODVPLG PRGXOH HJ
UHSOLFDWLRQLQLWLDWLRQSXUSOHDQWLELRWLFUHVLVWDQFHUHJLRQV\HOORZSODVPLGWUDQVIHUEOXH
DQGKHDY\PHWDOUHVLVWDQFHJUH\ 
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)LJXUH

)LJXUH
*HQHWLF PDS DQG FRPSDUDWLYH DQDO\VLV RI SODVPLG S.E ZLWK RWKHU A. baumannii
YLUXOHQFH SODVPLGV HQFRGLQJ D 7RQ%GHSHQGHQW UHFHSWRU SURWHLQ DQG VHSWLFRO\VLQ
+RPRORJRXVUHJLRQVDUHKLJKOLJKWHGLQJUH\$QQRWDWHGFRGLQJVHTXHQFHVDUHGLVSOD\HGDV
DUURZV;HU';HU& UHFRPELQDWLRQVLWHV DUHPDUNHGDV FURVVHGFLUFOHVZLWKLQ WKHSODVPLG
EDFNERQHVHTXHQFHV$EEUHYLDWLRQVrepUHSOLFDWLRQLQLWLDWLRQJHQHsepVHSWLFRO\VLQJHQH
sel1JHQHHQFRGLQJD6HOOLNHUHSHDWSURWHLQadhDOFRKROGHK\GURJHQDVHJHQH

















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)LJXUH

)LJXUH
3K\ORJHQLF WUHH RI FRPSOHWHO\ VHTXHQFHGA. baumannii VWUDLQV EDVHG RQ  FRUH JHQH
SURGXFWV DOLJQPHQWV RQ DPLQR DFLG OHYHO IRU DOO LVRODWHV DV FDOFXODWHG E\ DSSO\LQJ WKH
FRPSDUDWLYHJHQRPLFV WRRO('*$5 ZLWK VWDQGDUG VHWWLQJV&ORQDO&RPSOH[HV&&
&&DQG&&DFFRUGLQJWRSUHYLRXVSXEOLFDWLRQV DUHPDUNHGA. baumannii
VWU.FOXVWHUVWRJHWKHUZLWKVWUDLQ$$LQDVRIDUQRQGHILQHGFODGH7KHVFDOHEDU
GHQRWHVSK\ORJHQHWLFGLVWDQFH 
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)LJXUH

)LJXUH
&RPSDUDWLYH DQDO\VLV RI WKH S.D LQWHJURQ UHJLRQ IODQNHG E\0,7(V $ 7KH S.D
LQWHJURQLVFRPSDUHGWRWKHFRUUHVSRQGLQJUHJLRQRIWKHA. baumanniiSODVPLGS$%
%+RPRORJRXVJHQHFOXVWHUVEHWZHHQSODVPLGVDUHKLJKOLJKWHGLQJUH\$QQRWDWHGFRGLQJ
VHTXHQFHV DUH GLVSOD\HG DV JUH\ KRPRORJRXV RU EODFN XQLTXH DUURZV 0LQLDWXUH
,QYHUWHGUHSHDW 7UDQVSRVDEOH (OHPHQWV 0,7(V DUHPDUNHG DV EOXH DUURZV 7DUJHW VLWHV
GXSOLFDWLRQVRI0,7(VDUHVKRZQDVJUHHQER[HV 
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)LJXUH

)LJXUH
&RPSDUDWLYHDQDO\VLVRIILYHA. baumanniiSODVPLGJHQRPHVHTXHQFHV+RPRORJRXVJHQH
FOXVWHUV EHWZHHQ SODVPLGV S.D S$% $%.S S$E* DQG S$%7&'
ZHUH FRPSXWHG E\PHDQV RI0*&$7  DQG DUH GLVSOD\HG DV UHJLRQV KLJKOLJKWHG LQ
JUD\+RPRORJRXVJHQHFOXVWHUVRISODVPLGVS.DDQGS$%DUHKLJKOLJKWHGLQOLJKW
UHG $QQRWDWHG FRGLQJ VHTXHQFHV DUH GLVSOD\HG DV DUURZV DQG UHSHWLWLYH HOHPHQWV DV
UHFWDQJOHV&RGLQJVHTXHQFHVDUHFRORUHGEDVHGRQWKHLUDVVLJQHGJHQHIXQFWLRQV
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5HIHUHQFHV

 (OLRSRXORV * 0 0DUDJDNLV / / 3HUO 7 0  Acinetobacter baumannii
HSLGHPLRORJ\DQWLPLFURELDOUHVLVWDQFHDQGWUHDWPHQWRSWLRQV&OLQ,QIHFW'LV

 $QWXQHV/9LVFD3	7RZQHU.-Acinetobacter baumanniiHYROXWLRQRID
JOREDOSDWKRJHQ3DWKRJ'LV±
 ,PSHUL ) $QWXQHV / %ORP - 9LOOD / ,DFRQR 0 9LVFD 3 &DUDWWROL $  7KH
JHQRPLFV RI Acinetobacter baumannii LQVLJKWV LQWR JHQRPH SODVWLFLW\ DQWLPLFURELDO
UHVLVWDQFHDQGSDWKRJHQLFLW\,8%0%OLIH
 'L1RFHUD335RFFR)*LDQQRXOL07ULDVVL0=DUULOOL5*HQRPHRUJDQL]DWLRQ
RIHSLGHPLFAcinetobacter baumanniiVWUDLQV%0&0LFURELRO
 0XJQLHU 3' 3RLUHO / 1RUGPDQQ 3  )XQFWLRQDO DQDO\VLV RI LQVHUWLRQ VHTXHQFH
,6Aba UHVSRQVLEOH IRU JHQRPLF SODVWLFLW\ RI Acinetobacter baumannii - %DFWHULRO

 7XUWRQ -):DUG0(:RRGIRUG1.DXIPDQQ0( 3LNH5/LYHUPRUH'03LWW 7/
7KHUROHRI,6AbaLQH[SUHVVLRQRI2;$FDUEDSHQHPDVHJHQHVLQAcinetobacter 
baumannii)(060LFURELRO/HWW
 0RXEDUHFN&%UpPRQW6&RQUR\0&&RXUYDOLQ3/DPEHUW7*(6DQRYHO
LQWHJURQDVVRFLDWHG *(6 YDULDQW LQ Acinetobacter baumannii $QWLPLFURE $JHQWV
&KHPRWKHU
 %RJDHUWV31DDV7(O*DUFK)&X]RQ*'HSODQR$'HODLUH7+XDQJ7'/LVVRLU%
1RUGPDQQ 3 *OXSF]\QVNL <  *(6 H[WHQGHGVSHFWUXP ȕODFWDPDVHV LQ
Acinetobacter baumannii LVRODWHV LQ%HOJLXP$QWLPLFURE$JHQWV&KHPRWKHU

 %RQQLQ5$5RWLPL92$O+XEDLO0*DVLRURZVNL($O6ZHLK11RUGPDQQ33RLUHO
/  :LGH 'LVVHPLQDWLRQ RI *(67\SH &DUEDSHQHPDVHV LQ Acinetobacter
baumannii,VRODWHVLQ.XZDLW$QWLPLFURE$JHQWV&KHPRWKHU
 =HND $1 3RLUHO / 6LSDKL 25 %RQQLQ 5$ $UGD % g]LQHO 0 8OXVR\ 6 %RU &
1RUGPDQQ 3  *(6W\SH DQG 2;$ FDUEDSHQHPDVHSURGXFLQJ Acinetobacter
baumanniiLQ7XUNH\-$QWLPLFURE&KHPRWKHU
 &KDUIL.HVVLV . 0DQVRXU : .KDOLID $%+ 0DVWRXUL 0 1RUGPDQQ 3 $RXQL 0
3RLUHO /  0XOWLGUXJUHVLVWDQW Acinetobacter baumannii VWUDLQV FDUU\LQJ WKH
bla2;$DQGWKHbla*(6JHQHVLQDQHRQDWRORJ\FHQWHULQ7XQLVLD0LFURE3DWKRJ

&KLKL+%RQQLQ5%RXURXLV$0DKURXNL6%HVEHV60RXVVD0%%HOKDGM21DDV
7  *(6SURGXFLQJ Acinetobacter baumannii FOLQLFDO LVRODWHV IURP 7XQLVLDQ
KRVSLWDOVORQJWHUPGLVVHPLQDWLRQRI*(6W\SHFDUEDSHQHPDVHVLQ1RUWK$IULFD-*ORE
$QWLPLFURE5HVLVW
 /RSHV %6 $O$JDP\0+ ,VPDLO 0$ 6KLEO $0 $O4DKWDQL $$ $O$KGDO 01
)RUEHV .-  7KH WUDQVIHUDELOLW\ RI bla2;$ JHQH LQ PXOWLGUXJUHVLVWDQW
Acinetobacter baumannii LVRODWHV IURP 6DXGL$UDELD DQG (J\SW ,QW -0HG0LFURELRO

0DEURXN $ *URVVR ) %RWHOKR - $FKRXU: +DVVHQ $% 3HL[H /  *(6
3URGXFLQJAcinetobacter baumannii,VRODWHVLQDQHRQDWDOLQWHQVLYHFDUHXQLWLQ7XQLVLD
DUHDVVRFLDWHGZLWKDW\SLFDO0LGGOH(DVWFORQHDQGDWUDQVIHUDEOHSODVPLG$QWLPLFURE
$JHQWV&KHPRWKHUH
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 &DVWDQKHLUD 0 &RVWHOOR 6( :RRVOH\ /1 'HVKSDQGH /0 'DYLHV 7$ -RQHV 51
 (YDOXDWLRQ RI FORQDOLW\ DQG FDUEDSHQHP UHVLVWDQFH PHFKDQLVPV DPRQJ
Acinetobacter baumanniicalcoaceticus FRPSOH[ DQG Enterobacteriaceae LVRODWHV
FROOHFWHG LQ(XURSHDQDQG0HGLWHUUDQHDQ WZRQRYHOȕODFWDPDVHV *(6DQG9,0
ZHUHGHWHFWHG$QWLPLFURE$JHQWV&KHPRWKHU$$&
%ORP-.UHLV-6SlQLJ6-XKUH7%HUWHOOL&(UQVW&*RHVPDQQ$('*$5
 DQ HQKDQFHG VRIWZDUH SODWIRUP IRU FRPSDUDWLYH JHQH FRQWHQW DQDO\VHV 1XFOHLF
$FLGV5HV::
 'LDQFRXUW / 3DVVHW 9 1HPHF $ 'LMNVKRRUQ / %ULVVH 6  7KH SRSXODWLRQ
VWUXFWXUHRIAcinetobacter baumanniiH[SDQGLQJPXOWLUHVLVWDQWFORQHVIURPDQDQFHVWUDO
VXVFHSWLEOHJHQHWLFSRRO3/R62QHH
)DUUXJLD'1(OERXUQH/'+DVVDQ.$(LMNHONDPS%$7HWX6*%URZQ0+6KDK
%63HOHJ$<0DEEXWW%&3DXOVHQ,77KHFRPSOHWHJHQRPHDQGSKHQRPHRID
FRPPXQLW\DFTXLUHGAcinetobacter baumannii3/R62QHH
 +XVHPDQQ 3 6WR\H -  UFDW V\QWHQ\ SORWV DQG FRPSDUDWLYH DVVHPEO\
%LRLQIRUPDWLFV
&KHQ/=KHQJ'/LX%<DQJ--LQ49)'%KLHUDUFKLFDODQGUHILQHG
GDWDVHWIRUELJGDWDDQDO\VLV²\HDUVRQ1XFOHLF$FLGV5HV''
.HQ\RQ--+DOO509DULDWLRQLQWKHFRPSOH[FDUERK\GUDWHELRV\QWKHVLVlociRI
Acinetobacter baumanniiJHQRPHV3/R62QHH
.HQ\RQ--0DU]DLROL$0+DOO50'H&DVWUR&6WUXFWXUHRIWKH.FDSVXODU
SRO\VDFFKDULGHIURPAcinetobacter baumanniiLVRODWH5%+&DUERK\GU5HV
 6QLWNLQ (6 =HOD]Q\ $0 0RQWHUR &, 6WRFN ) 0LMDUHV / 0XUUD\ 35 6HJUH -$
0XOOLNLQ - %ODNHVOH\ 5 <RXQJ $  *HQRPHZLGH UHFRPELQDWLRQ GULYHV
GLYHUVLILFDWLRQRIHSLGHPLFVWUDLQVRIAcinetobacter baumannii3URF1DWO$FDG6FL86
$
 .HQ\RQ -- 1LJUR 6- +DOO 50  9DULDWLRQ LQ WKH 2& locus RI Acinetobacter
baumannii JHQRPHV SUHGLFWV H[WHQVLYH VWUXFWXUDO GLYHUVLW\ LQ WKH OLSRROLJRVDFFKDULGH
3OR6RQHH
 %HUWHOOL & /DLUG05:LOOLDPV.3*URXS 6)85& /DX %<+RDG*:LQVRU*/
%ULQNPDQ)6,VODQG9LHZHUH[SDQGHGSUHGLFWLRQRIJHQRPLFLVODQGVIRUODUJHU
VFDOHGDWDVHWV1XFOHLF$FLGV5HV::
 6WXUJLV -1  2UJDQLVDWLRQ DQG HYROXWLRQ RI WKH tol-pal JHQH FOXVWHU - 0RO
0LFURELRO%LRWHFKQRO
 +HOOPDQ - 5REHUWV -' 7HKDQ 00 $OODLUH -( :DUUHQ +6  %DFWHULDO
SHSWLGRJO\FDQDVVRFLDWHG OLSRSURWHLQ LV UHOHDVHG LQWR WKHEORRGVWUHDP LQJUDPQHJDWLYH
VHSVLVDQGFDXVHVLQIODPPDWLRQDQGGHDWKLQPLFH-%LRO&KHP
*RGOHZVND5:LĞQLHZVND.3LHWUDV=-DJXV]W\Q.U\QLFND(.3HSWLGRJO\FDQ
DVVRFLDWHG OLSRSURWHLQ 3DO RI *UDPQHJDWLYH EDFWHULD IXQFWLRQ VWUXFWXUH UROH LQ
SDWKRJHQHVLV DQG SRWHQWLDO DSSOLFDWLRQ LQ LPPXQRSURSK\OD[LV )(06 0LFURELRO /HWW

$UQGW'*UDQW-50DUFX$6DMHG73RQ$/LDQJ<:LVKDUW'63+$67(5
D EHWWHU IDVWHU YHUVLRQ RI WKH 3+$67SKDJH VHDUFK WRRO 1XFOHLF$FLGV5HV :
:
5RVDGR&-.RQGRV6%XOO7(.XLSHU0-/DZ5+%XFNOH$09RVNRERLQLN,%LUG
3,7UDSDQL-$:KLVVWRFN-&7KH0$&3)&'&IDPLO\RISRUHǦIRUPLQJWR[LQV
&HOO0LFURELRO
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 'RUVH\ &: 7ROPDVN\0( &URVD -+ $FWLV /$  *HQHWLF RUJDQL]DWLRQ RI DQ
Acinetobacter baumannii FKURPRVRPDO UHJLRQKDUERXULQJJHQHV UHODWHG WR VLGHURSKRUH
ELRV\QWKHVLVDQGWUDQVSRUW0LFURELRORJ\
+DPLGLDQ0.HQ\RQ--+ROW.(3LFNDUG'+DOO50$FRQMXJDWLYHSODVPLG
FDUU\LQJ WKH FDUEDSHQHP UHVLVWDQFH JHQH bla2;$ LQ Aba5 LQ DQ H[WHQVLYHO\
UHVLVWDQW*&Acinetobacter baumanniiLVRODWH-$QWLPLFURE&KHPRWKHU
$GDPV0'*RJOLQ.0RO\QHDX[1+XMHU.0/DYHQGHU+-DPLVRQ--0DF'RQDOG
,- 0DUWLQ .0 5XVVR 7 &DPSDJQDUL $$  &RPSDUDWLYH JHQRPH VHTXHQFH
DQDO\VLVRIPXOWLGUXJUHVLVWDQWAcinetobacter baumannii-%DFWHULRO
 %HUWLQL $ 3RLUHO / 0XJQLHU 3' 9LOOD / 1RUGPDQQ 3 &DUDWWROL $ 
&KDUDFWHUL]DWLRQDQG3&5EDVHGUHSOLFRQW\SLQJRIUHVLVWDQFHSODVPLGVLQAcinetobacter
baumannii$QWLPLFURE$JHQWV&KHPRWKHU
*KHRUJKH,1RYDLVÆ*URVVR)5RGULJXHV&&KLILULXF0&/D]DU93HL[H/
6QDSVKRW RQ FDUEDSHQHPDVHSURGXFLQJ Pseudomonas aeruginosa DQG Acinetobacter
baumanniiLQ%XFKDUHVWKRVSLWDOVUHYHDOVXQXVXDOFORQHVDQGQRYHOJHQHWLFVXUURXQGLQJV
IRUbla2;$-$QWLPLFURE&KHPRWKHU
 7RZQHU .- (YDQV % 9LOOD / /HYL . +DPRXGD$ $P\HV 6* &DUDWWROL $ 
'LVWULEXWLRQRILQWULQVLFSODVPLGUHSOLFDVHJHQHVDQGWKHLUDVVRFLDWLRQZLWKFDUEDSHQHP
K\GURO\]LQJ FODVV ' ODFWDPDVH JHQHV LQ (XURSHDQ FOLQLFDO LVRODWHV RIAcinetobacter
baumannii$QWLPLFURE$JHQWV&KHPRWKHU
&KHQ<*DR-=KDQJ+<LQJ&6SUHDGRIWKHbla2;$±&RQWDLQLQJ7Q2008
LQFDUEDSHQHPUHVLVWDQWAcinetobacter baumanniiLVRODWHVJURXSHGLQ&&IURP&KLQD
)URQW0LFURELRO
 1RUWRQ0' 6SLONLD $- *RGR\ 9*  $QWLELRWLF UHVLVWDQFH DFTXLUHG WKURXJK D
'1$ GDPDJHLQGXFLEOH UHVSRQVH LQ Acinetobacter baumannii - %DFWHULRO 

*DUFLOOiQ%DUFLD03 )UDQFLD09 GH OD&UX] ) 7KH GLYHUVLW\ RI FRQMXJDWLYH
UHOD[DVHVDQGLWVDSSOLFDWLRQLQSODVPLGFODVVLILFDWLRQ)(060LFURELRO5HY
 *DUFLOOiQ%DUFLD03 GH OD &UX] ) 2UGHULQJ WKH EHVWLDU\ RI JHQHWLF HOHPHQWV
WUDQVPLVVLEOHE\FRQMXJDWLRQ0RE*HQHW(OHPHQWVH
 1LJUR 6 +DOO 50  'LVWULEXWLRQ RI WKH bla2;$FRQWDLQLQJ WUDQVSRVRQV
7Q2006 DQG 7Q2008 LQ $XVWUDOLDQ FDUEDSHQHPUHVLVWDQW Acinetobacter baumannii
LVRODWHV-$QWLPLFURE&KHPRWKHU
 *DOODJKHU /$ 5DPDJH ( :HLVV (- 5DGH\ 0 +D\GHQ +6 +HOG .* +XVH +.
=XUDZVNL '9 %ULWWQDFKHU 0- 0DQRLO &  5HVRXUFHV IRU JHQHWLF DQG JHQRPLF
DQDO\VLVRIHPHUJLQJSDWKRJHQAcinetobacter baumannii-%DFWHULRO
'RPLQJXHV6 GD6LOYD*-1LHOVHQ.0 ,QWHJURQV YHKLFOHV DQG SDWKZD\V IRU
KRUL]RQWDOGLVVHPLQDWLRQLQEDFWHULD0RE*HQHW(OHPHQWV
 *LOOLQJV 05  ,QWHJURQV SDVW SUHVHQW DQG IXWXUH 0LFURELRO 0RO %LRO 5HY

 *LOOLQJV 05 /DEEDWH 0 6DMMDG $ *LJXHUH 1- +ROOH\ 03 6WRNHV + 
0RELOL]DWLRQRI D7Q402OLNH FODVV LQWHJURQZLWK DQRYHO FDVVHWWH DUUD\YLD IODQNLQJ
PLQLDWXUH LQYHUWHGUHSHDW WUDQVSRVDEOHHOHPHQWOLNHVWUXFWXUHV$SSO(QYLURQ0LFURELRO

 'RPLQJXHV 6 7ROHPDQ 0$ 1LHOVHQ .0 GD 6LOYD *-  ,GHQWLFDO PLQLDWXUH
LQYHUWHG UHSHDW WUDQVSRVDEOH HOHPHQWV IODQN FODVV  LQWHJURQV LQ FOLQLFDO LVRODWHV RI
AcinetobacterVSS-&OLQ0LFURELRO
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+DPLGLDQ0+ROW.(3LFNDUG''RXJDQ*+DOO50$*&Acinetobacter
baumannii LVRODWH FDUU\LQJ Aba5 DQG WKH DPLQRJO\FRVLGH UHVLVWDQFH WUDQVSRVRQ
7QaphA6LQDFRQMXJDWLYHSODVPLG-$QWLPLFURE&KHPRWKHU
&KHQ&&/LQ<&6KHQJ:+&KHQ<&&KDQJ6&+VLD.&/LDR0+/L6<
 *HQRPH VHTXHQFH RI D GRPLQDQW PXOWLGUXJUHVLVWDQWAcinetobacter baumannii
VWUDLQ7&'&$%-%DFWHULRO
(LNPH\HU)+DGLDWL$6]F]HSDQRZVNL5:LEEHUJ'6FKQHLNHU%HNHO65RJHUV/0
%URZQ&-7RS(03KOHU$6FKOWHU$7KH FRPSOHWH JHQRPH VHTXHQFHVRI
IRXUQHZ,QF1SODVPLGVIURPZDVWHZDWHUWUHDWPHQWSODQWHIIOXHQWSURYLGHQHZLQVLJKWV
LQWR,QF1SODVPLGGLYHUVLW\DQGHYROXWLRQ3ODVPLG
 :LEEHUJ ' 6]F]HSDQRZVNL 5 (LNPH\HU ) 3KOHU $ 6FKOWHU $  7KH ,QF)
SODVPLG S56% LVRODWHG IURP D PXQLFLSDO ZDVWHZDWHU WUHDWPHQW SODQW¶V RQVLWH
SUHIORRGHU FRPELQLQJ DQWLELRWLF UHVLVWDQFH DQG SXWDWLYH YLUXOHQFH IXQFWLRQV LV KLJKO\
UHODWHG WRYLUXOHQFHSODVPLGV LGHQWLILHG LQSDWKRJHQLFE. coli LVRODWHV3ODVPLG

=RZDZL+06DUWRU$/6LGMDEDW+(%DONK\++:DOVK75$O-RKDQL60$O-LQGDQ
5< $OIDUHVL 0 ,EUDKLP ( $O-DUGDQL $  0ROHFXODU (SLGHPLRORJ\ RI
FDUEDSHQHPUHVLVWDQWAcinetobacter baumannii LQWKH*XOI&RRSHUDWLRQ&RXQFLO6WDWHV
'RPLQDQFHRI2;$W\SHSURGXFHUV-&OLQ0LFURELRO-&0
 *KDLWK '0 =DIHU 00 $O$JDP\0+ $O\DPDQL (- %RRT 5< $OPRD]]DP\ 2
7KHHPHUJHQFHRIDQRYHOVHTXHQFHW\SHRI0'5Acinetobacter baumanniiIURP
WKH LQWHQVLYH FDUH XQLW RI DQ (J\SWLDQ WHUWLDU\ FDUH KRVSLWDO $QQ &OLQ 0LFURELRO
$QWLPLFURE
+DPPHUXP$0+DQVHQ)6NRY016WHJJHU0$QGHUVHQ36+ROP$-DNREVHQ/
-XVWHVHQ 86  ,QYHVWLJDWLRQ RI D SRVVLEOH RXWEUHDN RI FDUEDSHQHPUHVLVWDQW
Acinetobacter baumanniiLQ2GHQVH'HQPDUNXVLQJ3)*(0/67DQGZKROHJHQRPH
EDVHG613V-$QWLPLFURE&KHPRWKHU
3RVW9:KLWH3$+DOO50(YROXWLRQRIAba5W\SHJHQRPLFUHVLVWDQFHLVODQGV
LQ PXOWLSO\ DQWLELRWLFUHVLVWDQW Acinetobacter baumannii - $QWLPLFURE &KHPRWKHU

 'RXUDJKL 0 -DVHPL 6 .RGRUL 0 5DKEDU 0 %RURXPDQG0$  (YLGHQFH RI
LQWHUUXSWLRQRIWKHcomMJHQHLQDODUJHVHULHVRIFOLQLFDOLVRODWHVRIPXOWLGUXJUHVLVWDQW
Acinetobacter baumannii-0RO0LFURELRO%LRWHFKQRO
 .LHVHU 7  )DFWRUV DIIHFWLQJ WKH LVRODWLRQ RI &&& '1$ IURP Streptomyces
lividansDQGEscherichia coli3ODVPLG
 :LEEHUJ ' %ORP - -DHQLFNH 6 .ROOLQ ) 5XSS 2 6FKDUI % 6FKQHLNHU%HNHO 6
6F]FHSDQRZVNL 5 *RHVPDQQ $ 6HWXEDO -&  &RPSOHWH JHQRPH VHTXHQFLQJ RI
Agrobacterium VS + WKH IRUPHU Rhizobium lupini + UHYHDOV D WULSDUWLWH
JHQRPHFRQVLVWLQJRIDFLUFXODUDQGDOLQHDUFKURPRVRPHDQGDQDFFHVVRU\SODVPLGEXW
ODFNLQJDWXPRULQGXFLQJ7LSODVPLG-%LRWHFKQRO
 .UDKQ 7 :LEEHUJ ' 0DXV , :LQNOHU $ 3KOHU $ 3RLUHO / 6FKOWHU $ 
&RPSOHWH JHQRPH VHTXHQFH RI Acinetobacter baumannii &,3  D VXVFHSWLEOH
UHIHUHQFHVWUDLQIRUFRPSDUDWLYHJHQRPHDQDO\VHV*HQRPH$QQRXQFH
.UDKQ7:LEEHUJ'0DXV,:LQNOHU$%RQWURQ66F]\UED$1RUGPDQQ33KOHU
$3RLUHO/6FKOWHU$ ,QWUDVSHFLHV WUDQVIHURI WKHFKURPRVRPDOAcinetobacter
baumannii EOD1'0 FDUEDSHQHPDVH JHQH $QWLPLFURE $JHQWV &KHPRWKHU 

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 6HHPDQQ 7  3URNND UDSLG SURNDU\RWLF JHQRPH DQQRWDWLRQ %LRLQIRUPDWLFV

0H\HU)*RHVPDQQ$0F+DUG\$&%DUWHOV'%HNHO7&ODXVHQ -.DOLQRZVNL -
/LQNH % 5XSS 2 *LHJHULFK 5  *HQ'%²DQ RSHQ VRXUFH JHQRPH DQQRWDWLRQ
V\VWHPIRUSURNDU\RWHJHQRPHV1XFOHLF$FLGV5HV
:X6=KX=)X/1LX%/L::HE0*$DFXVWRPL]DEOHZHEVHUYHUIRUIDVW
PHWDJHQRPLFVHTXHQFHDQDO\VLV%0&JHQRPLFV
+HLQO6:LEEHUJ'(LNPH\HU)6]F]HSDQRZVNL5%ORP-/LQNH%*RHVPDQQ$
*UDEKHUU56FKZDE+3KOHU$,QVLJKWVLQWRWKHFRPSOHWHO\DQQRWDWHGJHQRPH
RI  Lactobacillus buchneri &' D VWUDLQ LVRODWHG IURP VWDEOH JUDVV VLODJH -
%LRWHFKQRO
 .RQVWDQWLQLGLV .7 7LHGMH -0  *HQRPLF LQVLJKWV WKDW DGYDQFH WKH VSHFLHV
GHILQLWLRQIRUSURNDU\RWHV3URF1DWO$FDG6FL86$
 :LEEHUJ ' 5XSS 2 %ORP - -HORQHN / .U|EHU 0 9HUZDDLMHQ % *RHVPDQQ $
$OEDXP6*URVFK5 3KOHU$'HYHORSPHQW RI DRhizoctonia solani $*,%
VSHFLILFJHQHPRGHOHQDEOHVFRPSDUDWLYHJHQRPHDQDO\VHVEHWZHHQSK\WRSDWKRJHQLFR.
solani$*,$$*,%$*DQG$*LVRODWHV3OR6RQHH
 *XSWD 6. 3DGPDQDEKDQ %5 'LHQH 60 /RSH]5RMDV 5 .HPSI 0 /DQGUDXG /
5RODLQ -0  $5*$1127 D QHZ ELRLQIRUPDWLF WRRO WR GLVFRYHU DQWLELRWLF
UHVLVWDQFHJHQHVLQEDFWHULDOJHQRPHV$QWLPLFURE$JHQWV&KHPRWKHU
/HDQ66<HR&&6XKDLOL=7KRQJ./&RPSDUDWLYHJHQRPLFVRIWZR67
FDUEDSHQHPUHVLVWDQW Acinetobacter baumannii ZLWK GLIIHUHQW VXVFHSWLELOLW\ WR
SRO\P\[LQUHYHDOHGXQGHUO\LQJUHVLVWDQFHPHFKDQLVP)URQW0LFURELRO
=KX/<DQ==KDQJ==KRX4=KRX-:DNHODQG(.)DQJ;;XDQ=6KHQ'/L
4=&RPSOHWHJHQRPHDQDO\VLVRIWKUHHAcinetobacter baumanniiFOLQLFDOLVRODWHV
LQ &KLQD IRU LQVLJKW LQWR WKH GLYHUVLILFDWLRQ RI GUXJ UHVLVWDQFH HOHPHQWV 3/R6 2QH
H
7UHDQJHQ7-0HVVHJXHU;0*&$7LQWHUDFWLYHO\DQGHIILFLHQWO\FRQVWUXFWLQJ
ODUJHVFDOHPXOWLSOH JHQRPH FRPSDULVRQ IUDPHZRUNV LQ FORVHO\ UHODWHG VSHFLHV %0&
ELRLQIRUPDWLFV

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